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(57) It is an object to provide a product having a
good crystal particle size distribution of a high-purity po-
tassium fluorotantalate crystal or a high-purity potassi-
um fluoroniobate crystal without using a physical meth-
od for particle classification. To that end, a method for
manufacturing a high-purity potassium fluorotantalate
crystal or a high-purity potassium fluoroniobate crystal
is used, wherein the recrystallizing step comprising a
first cooling process of cooling a saturated solution with
a temperature of 60°C to 90°C obtained in the dissolving
step at a cooling speed of T°C/hour until the solution
temperature of the saturated solution becomes a tem-
perature of the range of 35 to 50°C, and a second cool-
ing process of cooling the solution at a cooling speed of
[T-18] °C/hour to [T-1] °C/hour from the end of the first
cooling process to the solution temperature becoming
a temperature of 10 to 20°C.
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Description

Technical Field

[0001] The present invention relates to a method for manufacturing a high-purity potassium fluorotantalate crystal
or a high-purity potassium fluoroniobate crystal, a recrystallization bath used in the manufacturing method thereof, and
a high-purity potassium fluorotantalate crystal or a high-purity potassium fluoroniobate crystal obtained by the process
thereof.

Background Art

[0002] Recently, there has been a rapid growth in demand for a granular potassium fluorotantalate crystal and a
high-purity potassium fluoroniobate crystal as materials for obtaining tantalum particles or niobium particles used for
producing an anode of a condenser, a tantalum condenser or a niobium condenser. In this case, a high-purity potassium
fluorotantalate crystal or a high-purity potassium fluoroniobate crystal is used as tantalum particles or niobium particles
obtained by reduction of the crystal, for example, by contact-reacting it with fumes of metallic sodium.
[0003] Accordingly, the interface area of the contact reaction with metallic sodium fumes is a factor of determining
the reduction rate when the crystal is reduced to tantalum particles or niobium particles. In general, a potassium fluor-
otantalate crystal or a potassiumfluoroniobate crystal is granular. Thus, the finer the particles, the larger the interface
area of the contact reaction is allowed to be. This seems to preferably increase the reduction rate as well. As a result,
there has been required the particle size of a potassium fluorotantalate crystal being 4 mm or smaller in order to attain
a reduction rate of a minimum requirement industrially needed.
[0004] On the other hand, contact with metallic sodium fumes is carried out at a high temperature, and therefore
containing crystals with a particle size of 0.15 mm or less in quantity effects sintering of tantalum particles or niobium
particles reduced during reduction treatment. In addition, tantalum particles or niobium particles used in production of
a high capacity condenser need to be fine. However, when a high-purity potassium fluorotantalate crystal or a high-
purity potassium fluoroniobate crystal, the raw material thereof, is too fine, it cannot be obtained as fine metallic particles
due to the occurrence of sintering during the reduction to metallic tantalum or metallic niobium. Further, although the
same can be said of general metallic particulates, fine metallic particles are highly flammable and thus an easily scat-
tering level of fine particles is not preferable from the viewpoint of operational safety as well.
[0005] Thus, sintering of tantalum particles or niobium particles makes it impossible to ensure uniform dispersibility
when they are used for condensers, failing in acquisition of good condenser performance. Accordingly, the industry
has requested that a potassium fluorotantalate crystal or a potassium fluoroniobate crystal has a particle size of 4 mm
or less and the number of particles with a particle size of 0 .15 mm or less is to be decreased as much as possible.
On the contrary, when a high-purity potassium fluorotantalate crystal is manufactured by a present method, a potassium
fluorotantalate crystal with a particle size of 0.15 mm or less accounts on average for 42% or more of the total weight.
[0006] In such a case, generally when the particle sizes of powders are tried to be simply divided, physical methods
for particle classification such as air classification and sieve classification by repetition can easily attain a target range
of particle sizes.
[0007] However, general physical methods for particle classification can hardly be applied repeatedly to a potassium
fluorotantalate crystal or a potassium fluoroniobate crystal. In other words, these crystal particles are brittle, and thus
a plurality of applications of a physical method for particle classification creates a factor of significantly decreasing the
yield of a product with a target crystal particle size inasmuch as crystal particles collide to each other in a particle
classification step and are likely to be crushed into fine particles. In addition, application of a physical method for particle
classification mixes a variety of impurities as contamination in a particle classification step, which effects a factor of
lowering purity. This factor is avoided not only in a condenser application, but in any applications.
[0008] Hence, there has been required a manufacturing method that can produce a high-purity potassium fluorotan-
talate. crystal or a high-purity potassium fluoroniobate crystal of a crystal particle size distribution matched with a level
demanded by the market in steps of manufacturing a potassium fluorotantalate crystal or a potassium fluoroniobate
crystal without utilizing a physical method for particle classification.

Brief Description of the Drawings

[0009]

Figures 1 and 2 are schematic sectional views of a recrystallization bath used in the present invention. Figure 3
is a schematic diagram illustrating a step of manufacturing a high-purity potassium fluorotantalate crystal or a high-
purity potassium fluoroniobate crystal.
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Disclosure of the Invention

[0010] Under such circumstances, the present inventors have invented a process, etc., as will be described below,
for producing a high-purity potassium fluorotantalate crystal or a high-purity potassiumfluoroniobate crystal, which
feature recrystallizing steps thereof. Here, in order to facilitate the understanding of the present invention, the authors
will, first, discuss general processes of manufacturing a high-purity potassium fluorotantalate crystal or a high-purity
potassium fluoroniobate crystal, relating to the present invention.
[0011] Common high-purity potassium fluorotantalate crystals or high-purity potassium fluoroniobate crystals are
shipped as packaged products subsequent to manufacturing steps that include <1> a dissolving step of dissolving into
hydrofluoric acid solution a saturated solution any one of raw potassium fluorotantalate, raw potassium fluoroniobate
and raw potassium oxyfluoroniobate obtained by synthesis, <2> a recrystallizing step of obtaining granular recrystal-
lized potassium fluorotantalate or recrystallized potassium fluoroniobate by cooling the saturated solution in a recrys-
tallization bath, <3> a filtering step of filtering granular recrystallized potassium fluorotantalate or recrystallized potas-
sium fluoroniobate from a solution subsequent to the recrystallizing step, <4> a drying step of drying filtered granular
recrystallized potassium fluorotantalate or recrystallized potassium fluoroniobate, and <5> a sieving step of particle-
classifying granular recrystallized potassium fluorotantalate or recrystallized potassium fluoroniobate after drying. Ac-
cordingly, a manufacturing method relating to the present invention basically adopts a similar flow as well.
[0012] The claims include a process of manufacturing a high-purity potassium fluorotantalate crystal or a high-purity
potassium fluoroniobate crystal comprising a dissolving step of producing a saturated solution using a hydrofluoric acid
solution and any one of raw potassium fluorotantalate, raw potassium fluoroniobate and raw potassium oxyfluoronio-
bate, a recrystallizing step of obtaining granular recrystallized potassium fluorotantalate or recrystallized potassium
fluoroniobate by cooling the saturated solution in a recrystallization bath, a filtering step of filtering granular recrystal-
lized potassium fluorotantalate or recrystallized potassium fluoroniobate from a solution subsequent to the recrystal-
lizing step, and a drying step of drying filtered granular recrystallized potassium fluorotantalate or recrystallized potas-
sium fluoroniobate; in which the recrystallizing steps comprises a first cooling process of cooling the saturated solution
with a temperature of 60°C to 90°C obtained in the dissolving step at a cooling speed of T°C/hour until the solution
temperature of the saturated solution becomes a temperature of the range of 35 to 50°C and a second cooling process
of cooling the solution at a cooling speed of [T-18] °C/hour to [T-1] °C/hour from the end of the first cooling process to
the solution temperature becoming a temperature of 10 to 20°C, in the recrystallizing step.
[0013] This manufacturing method has two characteristics: <1> the solution temperature of a saturated solution in
the dissolving step being from 60°C to 90°C and <2> the cooling speed in the recrystallizing step being controlled in
a given condition. Namely, the solution is cooled at T°C/hour from a solution temperature of 60°C to 90°C of the
saturated solution to 35 to 50°C, and after the temperature reaches the range of the target solution temperature, the
solution is cooled at a speed of [T-18] °C/hour to [T-1] °C/hour to a temperature of 10°C to 20°C.
[0014] The aforementioned characteristic <1>, the solution temperature starting recrystallization being controlled in
a given range, means the following. Any one of raw potassium fluorotantalate, raw potassium fluoroniobate and raw
potassium oxyfluoroniobate is used as a starting material. Raw potassium fluorotantalate as a starting material is
dissolved with stirring in a hydrofluoric acid solution to give a saturated potassium fluorotantalate solution; raw potas-
sium fluoroniobate or raw potassium oxyfluoroniobate as a starting material is dissolved in a hydrofluoric acid solution
to give a saturated potassium fluoroniobate solution. Therefore, in above and below, a "saturated solution" refers to at
least one of a saturated potassium fluorotantalate solution and a saturated potassium fluoroniobate solution.
[0015] A saturated solution means that the content of potassium fluorotantalate or potassium fluoroniobate in a sat-
urated solution is controlled in a given level because the amount of potassium fluorotantalate or potassium fluoroniobate
dissolved in a saturated solution differs dependent on the temperature of each solution. The higher the content of
potassium fluorotantalate or potassium fluoroniobate in a saturated solution, the higher the speed of formation of the
seed crystal in the early stage of recrystallization. As the composition of a saturated solution of potassium fluorotantalate
determined by taking into account the object of the present invention, preferably used are the solution compositions
of 20 g/L to 30 g/L for the tantalum concentration, 5 g/L to 20 g/L for the potassium concentration and 50 to 80 g/L for
the hydrofluoric acid (the total hydrof luoric acid concentration calculated from the fluorine concentration). In addition,
as the composition of a saturated solution of potassium fluoroniobate, preferably used are the solution compositions
of 30 g/L to 50 g/L for the niobium concentration, 30 g/L to 70 g/L for the potassium concentration and 250 to 350 g/L
for the hydrofluoric acid (the total hydrofluoric acid concentration calculated from the fluorine concentration). Also, a
saturated solution obtained in the solution temperature range of 60°C to 90°C is used as a starting solution for recrys-
tallization.
[0016] Furthermore, the aforementioned condition <2> means that the formation range of a seed crystal, a process
of recrystallization, is separated from the growth range of the formed seed crystal to obtain a variety of recrystallized
particles of a targeted particle size distribution. In other words, strictly considering the recrystallization process in a
recrystallizing step, when a saturated solution is in a supersaturated concentration relative to the solution temperature,
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crystallization of a seed crystal continuously occurs to the temperature range of a low temperature solution even if the
solution temperature is lowered. Thus, a seed crystal crystallized immediately after the start of cooling of the saturated
solution continues to grow to the end of cooling to allow its particle size to increase, while a seed crystal crystallized
just prior to the end of cooling does not sufficiently grow and keeps its fine particle size. In this manner, there seems
to be obtained recrystallized particles with a specific particle size distribution. Therefore, the present invention includes
the first cooling process for obtaining a necessary amount of seed crystal to primarily crystallize the seed crystal and
the second cooling process for restraining the crystallization of the seed crystal, set as a step of more mildly cooling
the crystal than the first cooling process, in such a way that the growth of the seed crystal crystallized in the first cooling
process is superior to that in the second cooling process. The present invention can attain its object only when the
aforementioned characteristic <2> is combined with the aforementioned characteristic <1>.
[0017] The steps will be described step by step hereinafter. First, "the dissolving step of producing a saturated solution
using a hydrofluoric acid solution and any one of raw potassium fluorotantalate, raw potassium fluoroniobate and raw
potassium oxyfluoroniobate" will be discussed. Here, "raw potassium fluorotantalate" generally refers to material ob-
tained by precipitating and filtering raw potassium fluorotantalate after a tantalum solution is mixed with a hydrofluoric
acid solution and to this mixture is added potassium chloride and then is allowed to react with stirring at a specific
solution temperature. Also, "raw potassium fluoroniobate or raw potassium oxyfluoroniobate" generally refers to ma-
terial obtained by precipitating and filtering raw potassium fluoroniobate or raw potassium oxyfluoroniobate after a
niobium solution is admixed with a hydrofluoric acid solution and to this mixture is added potassium chloride and then
is allowed to react with stirring at a specific solution temperature.
[0018] Next, re-dissolving any one of raw potassium fluorotantalate, raw potassium fluoroniobate and raw potassium
oxyfluoroniobate in a hydrofluoric acid solution is the dissolving step of the present invention. In general, this dissolving
step obtains a saturated solution by re-dissolving with agitation raw potassium fluorotantalate, raw potassium fluoro-
niobate or raw potassium oxyfluoroniobate through the use of a 55 wt% hydrofluoric acid solution. Dissolution of raw
potassium oxyfluoroniobate by the addition of a hydrofluoric acid solution eliminates its oxygen, causing the saturated
solution itself to become a saturated potassium fluoroniobate solution. In the present invention, the solution temperature
at this time is made to be 60°C to 90°C. A primary purpose of setting the temperature in this range is to adjust the
content of raw potassium fluorotantalate or raw potassium fluoroniobate in a saturated solution prior to recrystallization.
Normally, as the content of raw potassium fluorotantalate or raw potassium fluoroniobate in a saturated solution is
increased, the amount of crystal precipitated by recrystallization increases as a matter of course. Therefore, when
higher productivity is to be obtained, the dissolving temperature must be raised and the contents of potassium fluoro-
tantalate or potassium fluoroniobate must be increased. However, as the solution temperature becomes 90°C or higher,
the evaporation of water is speeded up to cause concentration of potassium fluorotantalate or potassium fluoroniobate,
which in turn starts unintentional recrystallization, thereby making it difficult to control the distribution of recrystallized
particles.
[0019] On the other hand, the lower limit temperature of 60°C. ensures efficient productivity of potassium fluorotan-
talate or potassium fluoroniobate and is determined in terms of obtaining a saturated solution of a minimally needed
concentration in order to gain a recrystallized particle distribution of industrially required high-purity potassium fluoro-
tantalate or high-purity potassium fluoroniobate.
[0020] A saturated solution obtained as discussed above is introduced into a recrystallizing bath in the recrystallizing
step and granular recrystallized potassium fluorotantalate or recrystallized potassium fluoroniobate is obtained by uti-
lizing the saturated solution as a mother liquor and cooling it. The present invention separates this cooling step into
two stage areas as discussed below and controls them. Hence, a step of cooling a saturated solution with a temperature
of 60°C to 90°C obtained in the dissolving step to a temperature of 35 to 50°C of the solution is referred to as the first
cooling process. Additionally, a step of cooling the solution from the end point of the first cooling process to a temper-
ature of 10 to 20°C is designated as the second cooling process.
[0021] At this time, in the present invention, when the first cooling process performs cooling at a cooling speed of
T°C/hour, the second cooling process is controlled at a cooling speed of [T-18] °C/hour to [T-1] °C/hour. It is to be
noted that the value of [T-18] to [T-1] is not negative or 0, but is larger than 0 and positive; however, it is not necessarily
positive in all the area of this range. Namely, for example, when T = 5°C/hour is adopted as a condition, a cooling
temperature of 1 to 4°C/hour may be selected in the second cooling process. Therefore, considered in this manner,
when the temperature of the first cooling process is set to be a certain temperature, a temperature range to be adopted
in the second cooling process is automatically determined. Control of the cooling speed is not limited to the two-stage
step as described above and the control of the cooling speed by a multi-stage step is possible. However, the latter
case increases the cost required for the control system of the cooling speed, which in turn increases the production
cost, making it impossible to industrially realize.
[0022] The present inventors understand that this first cooling process includes the area wherein a seed crystal of
potassium fluorotantalate to be recrystallized is crystallized from a saturated potassium fluorotantalate solution. In
other words, the first cooling process includes the area of being able to control the number and properties of seed
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crystals to be crystallized. For example, the number of seed crystals to be crystallized is increased when the cooling
speed is increased, while the particle size distribution of recrystallization particles tends to readily vary. On the other
hand, the number of seed crystals to be crystallized is decreased when the cooling speed is made slow, while the
particle size distribution of recrystallization particles tends to hardly vary. Considering these points, setting of the value
of the cooling speed itself for recrystallization is to be determined taking into account the final applications and pro-
ductivity inasmuch as products of high-purity potassium fluorotantalate crystals or high-purity potassium fluoroniobate
crystals have a wide variety of applications. In the present case, arbitrary temperature setting is regarded to be possible.
Also, the crystal particle size distribution of a product of a high-purity potassium fluorotantalate crystal or a high-purity
potassium fluoroniobate crystal varies dependent on the way to control the temperature of the subsequent second
cooling process as well.
[0023] The cooling speed of the second cooling process, when taking the cooling speed of the first cooling process
as T°C/hour, is controlled between [T-18] °C/hour to [T-1] °C/hour. For example, if T = 20, then the cooling speed of
the first cooling process is 20°C/hour, and thus the cooling speed of the second cooling process is controlled in the
range of 2°C/hour to 19°C/hour. This second cooling process appears to be a step of growing the seed crystal crys-
tallized in the first cooling process. Therefore, the reason why the second cooling speed has a specific range is that
the speed is to be set depending on the level of the particle size distribution of a recrystallization particle to be obtained.
[0024] However, in terms of the relationship with the cooling speed T°C/hour of the first cooling process, setting of
the cooling speed of the second cooling process to be within the range of [T-18] °C/hour to [T-1] °C/hour has been
shown to give a particle size distribution with less variation of a recrystallization particle of a recrystallized potassium
fluorotantalate crystal or a recrystallized potassium fluoroniobate crystal to be obtained, as compared with the case of
cooling with a non-changing cooling speed. The lower limit of the cooling speed of the [T-18] °C/hour refers to the
slowest cooling speed. The slower the cooling speed, the slower and larger the growth of a recrystallization particle.
A speed lower than the limit speed cannot satisfy the productivity industrially required. This results in generation of
variations insignificant with the case of adopting a uniform cooling speed without setting a temperature difference. The
upper limit of the cooling speed of the [T-1] °C/hour was studied based on the idea of facilitating the growth of a
recrystallization particle by rendering slower the cooling speed of the second cooling process than that of the first
cooling process. As a result, making the cooling speed of the second cooling process only by 1°C/hour slower than
the cooling speed of the first cooling process dramatically decrease the variations of a particle size distribution of a
growing recrystalization particle. This will be discussed in reference with Table 1.
[0025] Table 1 shows a particle size distribution of a high-purity potassium fluorotantalate crystal that is obtained by
recrystallization using as a mother liquor a saturated potassium fluorotantalate solution with a solution temperature of
65°C and collection by filtration of the resultant granular recrystallized potassium fluorotantalate and drying. A targeted
particle size distribution to be formed was set from 0.15 mm to 4.0 mm. Accordingly, particle sizes are classified into
a recrystallized particle with a particle diameter over 4.0 mm, a recrystallized particle with a particle diameter of 0.15
mm to 4.0 mm, and a recrystallized particle with a particle diameter under 0.15 mm, the ratios by weight of which will
be indicated. A particle size distribution of Sample (a) is shown in Table 1 that is a high-purity potassium fluorotantalate
crystal produced by recrystallization in the manufacturing method of the present invention at a cooling speed of 10°C/
hour (T = 10) in the first cooling process and at a cooling speed of 7°C/hour (T - 3) in the second cooling process. A
particle size distribution of Sample (b) is shown that is a high-purity potassium fluorotantalate crystal produced by
recrystallization in the manufacturing method of the present invention at a cooling speed of 10°C/hour (T = 10) in the
first cooling process and at a cooling speed of 9°C/hour (T - 1) in the second cooling process. Further, a particle size
distribution of Sample (c) is shown that is a high-purity potassium fluorotantalate crystal produced by recrystallization
using a constant cooling speed of 10°C/hour. Furthermore, a particle size distribution of Sample (d) is shown in Table
1 that is a high-purity potassium fluorotantalate crystal produced by recrystallization using a constant cooling speed
of 7°C/hour.

Table 1

Manufacturing test for high-purity potassium fluorotantalate

Range of particle size distribution
(mm)

Formation ratio by weight (wt%)

Sample (a) Sample (b) Sample (c) Sample (d)

Under 0.15 30 45 60 20

0.15 to 4.00 70 55 40 45

Over 4.00 0 0 0 35
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[0026] Table 1 clearly shows that Samples (a) and (b) have a higher yield of a crystal particle with a particle size
distribution of 0.15 mm to 4.0 mm as compared with Samples (c) and (d). Also, comparison of the results of Sample
(b) with those of Sample (c) reveals that making the cooling speed of the second cooling process slower only by 1°C/
hour than that of the first cooling speed renders higher the yield of the crystal particle of 0.15 mm to 4.0 mm in the
particle size distribution. Table 2 shows a similar verification test on high-purity potassium fluoroniobate, indicating that
the results are almost identical to those of potassium fluorotantalate in Table 1.

[0027] As can be seem from the above, if the cooling speed conditions of the first cooling process and the second
cooling process in the recrystallizing step described in claim 1 are satisfied and an optimal cooling speed is set for
each product, there can be obtained a recrystallized particle of a potassium fluorotantalate crystal or a fluoroniobate
potassium crystal having a particle size distribution of few variations.
[0028] The following claim is the method for manufacturing a high-purity potassium fluorotantalate crystal or a high-
purity potassium fluoroniobate crystal described in claim 1 at a cooling speed of T°C/hour being from 5°C/hour to 10°C/
hour. When the cooling temperature of the first cooling process is determined like this claim, the cooling temperature
of the second cooling process is as follows. For example, for T = 5, the cooling temperature of the second cooling
process lies in the range of 1 to 4°C/hour; for T = 10, the cooling temperature of the second cooling process is in the
range of 1 to 9°C.
[0029] Thus, adopting these conditions allows the average particle diameter of a recrystallized potassium fluorotan-
talate or a recrystallized potassium fluoroniobate to be 4 mm or smaller and allows the particle with a diameter of 0 .
15 mm or smaller to be decreased more than conventionally. Also, the setting allows the high-purity recrystallized
potassium fluorotantalate crystal or the high-purity recrystallized potassium fluoroniobate crystal with a particle diam-
eter of 0.15 to 4.0 mm, thus obtained, to make up 50 wt% or more. A high-purity potassium fluorotantalate crystal of
this particle size distribution is particularly suitable for applications in tantalum condensers. In addition, a high-purity
potassium fluoroniobate crystal of a similar particle size distribution is particularly suitable for applications in niobium
condensers.
[0030] Further, a claim is a method for manufacturing a high-purity potassium fluorotantalate crystal or a high-purity
potassium fluoroniobate crystal according to claim 1 or 2, wherein, with a recrystallizing bath where a poured saturated
solution does not fill the entire space within the recrystallizing bath and the upper portion of the inside space has some
unfilled part when the pouring of the solution has been completed, the recrystallizing step controls the space temper-
ature of the unfilled part to be higher than the temperature of the aforementioned saturated solution in the recrystallizing
bath by -5°C to 20°C.
[0031] The recrystallizing step must not cause unintentional recrystalliztion so as not to vary the particle size distri-
bution of recrystallized potassium fluorotantalate or recrystallized potassium fluoroniobate. The claims discussed above
and the claims to be described below show inventions for solving the problems in the recrystallizing step from such a
viewpoint. In other words, in the recrystallizing step, a saturated solution is placed in the recrystallizing bath and a
recrystallized crystal of potassium fluorotantalate is formed by cooling therein. At this time, depending on the structure
of recrystallizing bathes, some are used with the upper portion of the recrystallizing bath having a constant space
(unfilled portion) as illustrated in Figure 1, without filling a saturated solution until the inside space of the recrystallizing
bath is completely filled. In this case, the presence of air in the unfilled portion of the recrystallizing bath is likely to
effect recrystalliztion at the interface between the gas and liquid phases when the space temperature of this unfilled
portion greatly differs from the temperature of the saturated solution, thus allowing unintentional recrystallization to
proceed. As a result, this causes the broadening of the particle size distribution of the recrystallized crystal of potassium
fluorotantalate or potassium fluoroniobate to be formed.
[0032] This is described using data in the following. The initial temperature of a saturated potassium fluorotantalate
solution placed in a recrystallizing bath was set to be 65°C, the cooling temperature of the first cooling process in
recrystallization 10°C/hour, and the cooling temperature of the second cooling process 5°C/hour to obtain recrystallized

Table 2

Manufacturing test for high-purity potassium fluoroniobate

Range of particle size distribution
(mm)

Formation ratio by weight (wt%)

Sample (a) Sample (b) Sample (c) Sample (d)

Under 0.15 15 40 55 10

0.15 to 4.00 85 60 45 45

Over 4.00 0 0 0 45
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potassium fluorotantalate. After a filtering step and a drying step, granular recrystallized potassium fluorotantalate was
subjected to particle classification by way of a sieving step to try to obtain a high-purity potassium fluorotantalate crystal
with a particle diameter of 0.15 to 4.0 mm. Table 3 shows the relationship between the aforementioned space temper-
ature and the proportion of the presence of the recrystallized crystal with particle diameters of 0.15 to 4.0 mm in the
obtained high-purity potassium fluorotantalate crystal.

[0033] The results of Table 3 show that the initial space air temperature needs to be within the range of 60°C to 85°C
when the initial solution temperature is set at 65°C in order for the proportion of presence of the recrystallized crystal
with a particle diameter of 0.15 to 4.0 mm in the aforementioned high-purity potassium fluorotantalate crystal making
up 50% or more. Namely, the space air temperature needs to lie in the range of (solution temperature -5°C) to (solution
temperature +20°C). When the space air temperature is set in the range of (solution temperature +20°C) or higher,
the saturated potassium fluorotantalate solution is caused to condense at the gas liquid interface in the recrystallizing
bath to thereby effect unintentional recrystallization, when considering the relationship between the evaporation of
water and the recrystallizing speed. As a result, the recrystallizing step appears to be difficult to control, which may
lower the yield of a product having a target range of particle diameter. On the other hand, when the space air temperature
becomes a temperature less than the solution temperature, unintentional recrystallization results inasmuch as the
solution temperature of the saturated potassium fluorotantalate solution lowers earlier at the gas liquid interface in the
recrystallizing bath. Therefore, even if the temperature of the subsequent recrystallizing step is controlled, the yield of
a product having a target range of particle diameter seems to be lowered. However, unexpected recrystallization at
the gas liquid interface can be controlled even in the range of (solution temperature -5°C) to the solution temperature
if the solution is sufficiently agitated. When the temperature of the space air becomes lower than (solution temperature

Table 3

Initial solution
temperature

(°C)

Cooling speed (°C/hour) Difference between
solution

temperature and
space air

temperature
(°C)

Proportion of
presence of

recrystallized
particles with

particle diameters of
0.15 to 4.0 mm in

product
(%)

First cooling process Second cooling
process

65 10 5 +25 61

+20 77

+15 81

+10 90

+5 95

0 87

- 5 65

- 10 48

- 15 48

- 20 44

• The initial solution temperature refers to a temperature when a saturated potassium fluorotantalate solution
is placed in the recrystallizing bath.
• The cooling speed means a cooling speed in the recrystallizing step.
• The difference between the solution temperature and the space air temperature refers to a temperature difference
relative to the solution temperature when the air temperature of the space created in the upper portion of the inside
space of the recrystallizing bath is controlled. Therefore, when the solution temperature is decreased in the recrys-
tallizing step, the space air temperature is also lowered to maintain the temperature difference.
• The product refers to a high-purity potassium fluorotantalate crystal obtained passing through the sieve-classifying
step subsequent to the recrystallizing step.
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-5°C), unexpected recrystallization is likely to occur because the cooling of the solution at the gas liquid interface occurs
early even if the solution is stirred.
[0034] Table 4 shows the results of verification testing using a saturated potassium fluoroniobate solution, similar to
and under conditions similar to the case of the saturated potassium fluorotantalate solution shown in Table 3 . In this
case as well, the results are similar.

[0035] Taking into consideration the above, when a recrystallizing bath as shown in Fig. 1 is employed, the space
temperature of the unfilled portion needs to be controlled to lie in the range of (solution temperature -5°C) to (solution
temperature +20°C). Therefore, in the recrystallizing step, as the solution is cooled, the space air temperature as well
as the initial space air temperature needs to be lowered.
[0036] If the above idea is taken when the aforementioned recrystallizing bath is used, use of a recrystallizing bath
that can load a saturated solution until it fill the inner space of a recrystallizing bath as shown in Figure 2 can prevent
the generation of unintentional recrystallization when only the solution temperature of the saturated solution can be
maintained.
[0037] Hence, another claim is a method for manufacturing a high-purity potassium fluorotantalate crystal or a high-
purity potassium fluoroniobate crystal according to claim 1 or 2, wherein the recrystallizing step uses a recrystallizing
bath that can have a poured saturated solution filled in the entire space within the recrystallizing bath. In this case, it
is desirable to ensure the thermal insulation of piping that delivers a saturated solution from the dissolving step to the
recrystallizing bath and the function of temperature keeping of the recrystallizing bath from the viewpoint of production
technology.
[0038] Moreover, in order to further decrease the variations of the particle size distribution of a recrystallized particle,

Table 4

Initial solution
temperature
temperature

(°C)

Cooling speed
(°C/hour)

Difference between
solution

temperature and
space air

temperature
(°C)

Proportion of
presence of

recrystallized
particles with

particle diameters of
0.15 to 4.0 mm in

product
(%)

First cooling
process

Second cooling
process

65 10 5 +25 61

+20 79

+15 80

+10 88

+5 92

0 90

-5 51

- 10 46

- 15 45

- 20 41

• The initial solution temperature refers to a temperature when a saturated potassium fluoroniobate solution is
placed in the recrystallizing bath.
• The cooling speed means a cooling speed in the recrystallizing step.
• The difference between the solution temperature and the space air temperature refers to a temperature difference
relative to the solution temperature when the air temperature of the space created in the upper portion of the inside
space of the recrystallizing bath is controlled. Therefore, when the solution temperature is decreased in the recrys-
tallizing step, the space air temperature is also lowered to maintain the temperature difference.
• The product refers to a high-purity potassium fluoroniobate crystal obtained passing through the sieve-classifying
step subsequent to the recrystallizing step.
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as described in claim 5, agitation must prevent the precipitation and standstill of generated, recrystallized potassium
fluorotantalate or recrystallized potassium fluoroniobate in a saturated solution within the recrystallizing bath. In other
words, the agitation of a solution in a recrystallizing bath is generally carried out for the purpose of eliminating the
ununiformity of the solution temperature and a concentration distribution of the. solution. However, the agitation is of
a level of simply leveling the temperature distribution and concentration distribution of a solution leading to a flow of
the solution only.
[0039] On the other hand, according to the present invention, "agitation prevents the precipitation and standstill of
generated, recrystallized potassium fluorotantalate or recrystallized potassium fluoroniobate". Namely, the purpose of
the agitation is to prevent generated, recrystallized potassium fluorotantalate or recrystallized potassium fluoroniobate
from precipitating in the bottom of a recrystallizing bath and coming to stand still. When the force of agitation is weak,
the precipitation speed increases with growth of a crystal, and when the precipitation speed is larger than the flowing
speed of the solution, the formed crystal precipitates. When the agitation of a solution is insufficient like this case, new
crystal nuclei are more likely to grow than crystal particles grow when the recrystallization particle recrystallizes from
a mother liquor of a supersaturated state as the solution temperature decreases, thus generating fine recrystallized
crystals in quantity. Then, when the crystals precipitate in the bottom of a recrystallizing bath and stand still without
movement, the growth of recrystallized particles is inhibited, which prevents the growth to a targeted range of particle
distribution, resulting in large variations of the particle size.
[0040] Hence, in addition to the flow of the solution, the flow of generated, recrystallized potassium fluorotantalate
or recrystallized potassium fluoroniobate is also required at the same time. This indicates that the superiority of the
growth of formed crystal nuclei must be kept by maintaining the state of generated, recrystallized potassium fluorotan-
talate or recrystallized potassium fluoroniobate flowing in the solution during the cooling of causing recrystallization.
Means for agitation at the time is not particularly limited and any means that can be used for agitation of a saturated
solution used in the present invention can be utilized. For example, means equipped with a stirring blade for agitation
in the bottom of a recrystallizing bath is common. For example, when a recrystallized particle with a particle diameter
of about 1 to 2 mm is tried to obtain in quantity, the flow speed of the solution must be set at 10 cm/second or more
because the precipitation speed of this recrystallized particle is about 10 cm/second.
[0041] As described above, the agitation conditions of preventing the precipitation and standstill of generated, re-
crystallized potassium fluorotantalate or recrystallized potassium fluoroniobate do not simply depend on only the speed
of stirring the solution, but on other factors such as particularly the shape of the blade, and vary with the design of
equipment to be adopted, and thus cannot strictly limit the flow speed of the solution. However, according to a study
by means of an existent apparatus by the present inventors, when the precipitation speed of a recrystallized particle
to be generated is taken as 1, the flow speed of the solution has been shown to be set to be 3 to 30. In other words,
for a recrystallized particle having a particle diameter of about 1 to 2 mm as discussed above, the flow speed of the
solution is set in the range of 30 cm/second to 300 cm/second. Concerning the flow speed of the lower limit, a flow
speed less than this does not allow the growth of a seed crystal to exceed the crystallization of a seed crystal. With
the flow speed of the upper limit, agitation of the solution at a flow speed exceeding the speed causes generated
recrystallized particles to collide to each other or collide with the stirring blade, resulting in crushing of the particles.
[0042] Thus, a claim is a recrystallizing bath used in a method for manufacturing a high-purity potassium fluorotan-
talate crystal or a high-purity potassium fluoroniobate crystal relating to the present invention, the recrystallizing bath
comprising means for pouring a saturated solution obtained in the dissolving step into the bath, cooling means for
lowering the solution temperature in the bath, and an outlet for taking out granular recrystallized potassium fluorotan-
talate or recrystallized potassium fluoroniobate obtained, as well as means for controlling the temperature of the space
created in the upper portion of the bath after the saturated solution has been poured into the recrystallizing bath.
[0043] In other words, a recrystallizing bath used in the aforementioned manufacturing method must comprise at
least <1> a piping pathway as means for pouring a saturated solution obtained in the dissolving step into the bath, <2>
cooling means for lowering the solution temperature in order to control the cooling temperature of the recrystallizing
step, <3> an outlet for taking obtained, granular recrystallized potassium fluorotantalate or recrystallized potassium
fluoroniobate out of the bath, and <4> means for controlling the temperature of the space created in the upper portion
of the bath.
[0044] Figure 1 schematically shows such a recrystallizing bath. In particular, a recrystallizing bath relating to the
present invention features the addition of the element described in <4> above. As long as this means is provided, the
invention does not particularly limit the shape of the whole of the recrystallizing bath, the method used in each proce-
dure, and the kind of disposition of each means in the recrystallizing bath. Means for controlling the aforementioned
space temperature can utilize methods that include keeping the temperature by enclosing the upper portion of the
recrystallizing bath using an insulating material and heating the upper portion of the recrystallizing bath via a heater.
The present inventors have adopted a structure of embedding a heater in an insulating material. As a result, the man-
ufacturing conditions indicated in the claim become possible to attain.
[0045] Another claim is a high-purity potassium fluorotantalate crystal obtained from a method for manufacturing a
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high-purity potassium fluorotantalate crystal or a high-purity potassium fluorotantalate crystal mentioned in the present
invention, wherein the recrystallized particle with a particle diameter in the range of 0.15 mm to 4.0 mm makes up 50
wt% or more of the total recrystallized particle weight. Still another claim is a high-purity potassium fluoroniobate crystal
obtained from a method for manufacturing a high-purity potassium fluorotantalate crystal or a high-purity potassium
fluoroniobate crystal mentioned in the present invention, wherein the recrystallized particle with a particle diameter in
the range of 0.15 mm to 4.0 mm makes up 50 wt% or more of the total recrystallized particle weight.
[0046] This, as discussed above, has an extremely excellent property as a high-purity potassium fluorotantalate
crystal or a high-purity potassium fluoroniobate crystal used in the production of condensers. These, having few too
fine particles, have no risk of causing an explosive accident and little blowing off by a slight wind. In addition, the
reduction treatment of a high-purity potassium fluorotantalate crystal or a high-purity potassium fluoroniobate crystal,
which is performed by making contact with fumes of metallic sodium under a high temperature atmosphere, can almost
completely extinguish the phenomenon of tantalum particles or niobium particles sintering during reduction treatment
because a proper particle size is acquired. Embodiments relating to the present invention will be discussed hereinafter.

Best Mode for Carrying out the Invention

First Example:

[0047] The present example will be described with reference to Figures 1 and 3. First, the production of raw potassium
fluorotantalate will be discussed. Raw potassium fluorotantalate, as shown in a synthesizing step A in Figure 3, was
obtained by adding 360 g of a potassium chloride crystal to 3.6 liters of a high-purity tantalum solution (tantalum: 80
g/L, content of hydrogen fluoride: 30 g/L) , dissolving the crystal with agitation at a solution temperature of 80°C, cooling
the resulting solution to room temperature, and subsequently filtering using a filter press P.
[0048] The raw potassium fluorotantalate thus obtained, as shown in a dissolving step B, was re-dissolved in a
hydrofluoric acid solution, or a recrystallizing solvent, to produce a saturated potassium fluorotantalate solution, at a
solution temperature of 60°C, with a tantalum concentration of 25 g/L, a potassium concentration of 10 g/L and a
hydrofluoric acid concentration of 60 g/L calculated from the fluorine concentration. Then, this saturated potassium
fluorotantalate solution was delivered to a recrystallizing bath 1 of the following recrystallizing step C. The piping was
covered with an insulating material during the delivery to prevent a decrease in the solution temperature of the saturated
potassium fluorotantalate solution during the transport.
[0049] As the recrystallizing bath 1 used in this recrystallizing step C was used a recrystallizing bath 1 with a structure
as illustrated in Figure 1, wherein a saturated potassium fluorotantalate solution poured and filled in the recrystallizing
bath 1 did not fill the entire inside space of the bath and kept an unfilled portion in the upper part. Therefore, a portion
indicated in Figure 1 as a "space temperature controlling means" was covered with an insulating material, and a de-
crease in the space temperature of the unfilled portion was prevented by inserting a heater into the inside of the insu-
lating material to thereby enable the control of the space temperature. Here, the initial space temperature was controlled
to become 70°C.
[0050] Then, the saturated potassium fluorotantalate solution was cooled with the cooling conditions of the recrys-
tallizing step separated into those of the two stages of the first cooling process and the second cooling process. Re-
crystallized potassium fluorotantalate was obtained by adopting two kinds of conditions: conditions (i), in which the
solution was cooled to 40°C at a cooling speed of 10°C/hour in the first cooling process and then cooled to 10°C at a
cooling speed of 5°C/hour in the second cooling process, and conditions (ii), in which the solution was cooled to 40°C
at a cooling 5°C/hour in the first cooling process and then cooled to 10°C at a cooling speed of 3°C/hour in the second
cooling process was set.
[0051] From the solution subsequent to the completion of recrystallization as described above, formed, recrystallized
potassium fluorotantalate was filtration collected by means of a filter press P in the filtering step D. Filtrated and col-
lected, recrystallized potassium fluorotantalate was placed in a heat drying furnace 2 and dried at a temperature of
120°C in the following drying step E.
[0052] Thereafter, in order to further ensure the product quality, the recrystallized potassium fluorotantalate after
completion of drying operation was subjected to removal of a rough particle of 4.0 mm or larger using a 5 mesh sieve
3 in the sieving step F. The conduct of this sieving operation is not always needed, dependent on required quality of
a product. The steps are completed at this stage and the recrystallized potassium fluorotantalate after this sieving
operation becomes a product as a high-purity potassium fluorotantalate crystal. The proportion was measured which
the recrystallized particle with a particle diameter within the range of 0.15 mm to 4.0 mm contained in a high-purity
potassium fluorotantalate crystal obtained from the manufacturing method relating to the present invention made up.
In other words, the weight of the crystal remaining on a 5 mesh sieve was measured when a sieving operation was
carried out using the sieve. Further, a sieving operation was conducted by means of a 100 mesh sieve and the weight
of the crystal passed through the 100 mesh sieve was measured. These two crystal weights were subtracted from the
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crystal weight immediately after drying. This weight calculated was regarded as the weight that makes up the recrys-
tallized particle with a particle diameter within the range of 0.15 mm to 4.0 mm and was taken as the proportion with
respect to the crystal weight just subsequent to drying. The same thing was applied to the example below. As a con-
sequence, the values were 89.7 wt% for the cooling step conditions (i) and 93.4 wt% for the cooling step conditions
(ii), which are very good levels, not available in the current market.

Second Example:

[0053] The present example will be described with reference to Figures 1 and 3. First, the production of raw potassium
fluoroniobate will be discussed. Raw potassium fluoroniobate, as shown in a synthesizing step A in Figure 4, was
obtained by adding 360 g of a potassium chloride crystal to 3.6 liters of a high-purity niobium solution (niobium: 200
g/L, content of hydrogen fluoride: 250 g/L), dissolving the crystal with agitation at a solution temperature of 80°C,
cooling the resulting solution to room temperature, and subsequently filtering using a filter press P.
[0054] The raw potassium fluoroniobate thus obtained, as shown in a dissolving step B, was re-dissolved in a hy-
drofluoric acid solution, or a recrystallizing solvent, to produce a saturated potassium fluoroniobate solution, at a solution
temperature of 60°C, with a niobium concentration of 40 g/L, a potassium concentration of 50 g/L and a hydrofluoric
acid concentration of 300 g/L calculated from the fluorine concentration. Then, this saturated potassium fluoroniobate
solution was delivered to a recrystallizing bath 1 of the following recrystallizing step C. The piping was covered with
an insulating material during the delivery to prevent a decrease in the solution temperature of the saturated potassium
fluoroniobate solution during the transport.
[0055] As the recrystallizing bath 1 used in this recrystallizing step C was used a recrystallizing bath 1 with a structure
as illustrated in Figure 1, wherein a saturated potassium fluoroniobate solution poured and filled in the recrystallizing
bath 1 did not fill the entire inside space of the bath and kept an unfilled portion in the upper part. Therefore, a portion
indicated in Figure 2 as a "space temperature controlling means" was covered with an insulating material, and a de-
crease in the space temperature of the unfilled portion was prevented by inserting a heater into the inside of the insu-
lating material to thereby enable the control of the space temperature. Here, the initial space temperature was controlled
to become 70°C.
[0056] Then, the saturated potassium fluoroniobate solution was cooled with the cooling conditions of the recrystal-
lizing step separated into those of the two stages of the first cooling process and the second cooling process. Recrys-
tallized potassium fluoroniobate was obtained by adopting two kinds of conditions: conditions (i), in which the solution
was cooled to 40°C at a cooling speed of 10°C/hour in the first cooling process and then cooled to 10°C at a cooling
speed of 5°C/hour in the second cooling process, and conditions (ii), in which the solution was cooled to 40°C at a
cooling 5°C/hour in the first cooling process and then cooled to 10°C at a cooling speed of 3°C/hour in the second
cooling process was set.
[0057] From the solution subsequent to the completion of recrystallization as described above, formed, recrystallized
potassium fluoroniobate was filtration collected by means of a filter press P in the filtering step D. Filtrated and collected,
recrystallized potassium fluoroniobate was placed in a heat drying furnace 2 and dried at a temperature of 120°C in
the following drying step E.
[0058] Thereafter, in order to further ensure the product quality, the recrystallized potassium fluoroniobate after com-
pletion of drying operation was subjected to removal of a rough particle of 4.0 mm or larger using a 5 mesh sieve in
the sieving step F. The recrystallized potassium fluoroniobate after this sieving operation becomes a product as a high-
purity potassium fluoroniobate crystal. The proportion was measured which the recrystallized particle with a particle
diameter within the range of 0.15 mm to 4.0 mm containedin a high-purity potassium fluoroniobate crystal obtained
from the manufacturing method relating to the present invention made up, as with the First Example. As a consequence,
the values were 89.7 wt% for the cooling step conditions (i) and 93.4 wt% for the cooling step conditions (ii) , which
are very good levels, not available in the current market.

Industrial Applicability

[0059] According to the manufacturing method relating to the present invention, separating into two speeds the cool-
ing speed in the recrystallizing step and controlling when obtaining a high-purity potassium fluorotantalate crystal or a
high-purity potassium fluoroniobate crystal enables the great improvement of the yield of a recrystallized crystal with
a targeted particle size distribution. This facilitates the handling in fields that industrially utilize a high-purity potassium
fluorotantalate crystal or a high-purity potassium fluoroniobate crystal, particularly in the field of manufacturing con-
densers, and also enables dramatic improvement of the production yield of a product that utilizes as a raw material a
high-purity potassium fluorotantalate crystal or a high-purity potassium fluoroniobate crystal.
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Claims

1. A method for manufacturing a high-purity potassium fluorotantalate crystal or a high-purity potassium fluoroniobate
crystal comprising the steps of:

dissolving for producing a saturated solution using a hydrofluoric acid solution and any one of raw potassium
fluorotantalate, raw potassium fluoroniobate and raw potassium oxyfluoroniobate,
recrystallizing for obtaining granular recrystallized potassium fluorotantalate or recrystallized potassium fluoro-
niobate by cooling said saturated solution with agitation in a recrystallization bath,
filtering said granular recrystallized potassium fluorotantalate or recrystallized potassium fluoroniobate from
a solution subsequent to the completion of the recrystallizing step, and
drying said filtered granular recrystallized potassium fluorotantalate or recrystallized potassium fluoroniobate,
wherein the recrystallizing step comprises a first cooling process of cooling the saturated solution with a tem-
perature of 60°C to 90°C obtained in the dissolving step at a cooling speed of T°C/hour until the solution
temperature of said saturated solution becomes a temperature of the range of 35 to 50°C, and
a second cooling process of cooling the solution at a cooling speed of [T-18] °C/hour to [T-1] °C/hour from the
end of said first cooling process to said solution temperature becoming a temperature of 10 to 20°C.

2. The method for manufacturing a high-purity potassium fluorotantalate crystal or a high-purity potassium fluoron-
iobate crystal according to claim 1, wherein

the cooling speed T°C/hour is from 5°C/hour to 10°C/hour.

3. The method for manufacturing a high-purity potassium fluorotantalate crystal or a high-purity potassium fluoron-
iobate crystal according to claim 1 or 2, wherein

in the recrystallizing step, the employed is a recrystallizing bath where a poured saturated solution does not
fill the entire space within the recrystallizing bath and the upper portion of the inside space has some unfilled part
when the pouring of said solution is completed, and

the space air temperature of said unfilled part is controlled to be higher than the temperature of the said
saturated solution in said recrystallizing bath by -5°C to 20°C.

4. The method for manufacturing a high-purity potassium fluorotantalate crystal or a high-purity potassium fluoron-
iobate crystal according to claim 1 or 2, wherein

the recrystallizing step uses a recrystallizing bath that can have a poured saturated solution filled in the entire
space within the recrystallizing bath.

5. The method for manufacturing a high-purity potassium fluorotantalate crystal or a high-purity potassium fluoron-
iobate crystal according to any one of claims 1 to 4, wherein

agitation prevents the precipitation and standstill of generated, recrystallized potassium fluorotantalate or
recrystallized potassium fluoroniobate in a saturated solution within a recrystallizing bath.

6. A recrystallizing bath used in the method according to claim 3 for manufacturing a high-purity potassium fluoro-
tantalate crystal or a high-purity potassium fluoroniobate crystal, the recrystallizing bath comprising

means for pouring a saturated solution obtained in the dissolving step into the bath,
cooling means for lowering the solution temperature in the bath, and
an outlet for taking out granular recrystallized potassium fluorotantalate or recrystallized potassium fluoron-

iobate obtained, as well as means for controlling the temperature of the space created in the upper portion of the
bath after the saturated solution has been poured into the recrystallizing bath.

7. A high-purity potassium fluorotantalate crystal obtained from a method according to any one of claims 1 to 4 for
manufacturing a high-purity potassium fluorotantalate crystal, wherein

the recrystallized particle with a particle diameter in the range of 0 .15 mm to 4 . 0 mm makes up 50 wt% or
more of the total recrystallized particle weight.

8. A high-purity potassium fluoroniobate crystal obtained from a method according to any one of claims 1 to 4 for
manufacturing a high-purity potassium fluoroniobate crystal, wherein

the recrystallized particle with a particle diameter in the range of 0.15 mm to 4 .0 mm makes up 50 wt% or
more of the total recrystallized particle weight.
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